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(54) Title: GRAIN QUALITY MONITOR 

(57) Abstract 

Percentage concentrations of con- 
stituents of a sample of cereal grain or 
other agricultural product in a flowing 
stream are determined while harvesting or 
processing using a shon wave near in- 
frared analyzer. The analyzer irradiates the 
sample, picks up diffuse reflec:ance of in- 
dividual wavelengths from the sample and 
spatially separates the diffuse reflectance 
into a response at individual wavelengths. 
The result is to simultaneously detect the 
intensities of the individual wavelengths 
in parallel from the same portion of the 
product being analyzed. Percentage con- 
stituents of the composite substance may 
then be compared with known percentage 
constituents to determine the constituents. 
The analyzer is optically stabilized and is 
therefore suitable for attaching to the agri- 
cultural combine to perform real time mea- 
surements in the field. 
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GRAIN QUALITY MONITOR 

BACKGROUND OF THE INVENTION 

It has been long recognized that the value of 
agricultural products such as cereal grains and the like 
are affected by the quality of their inherent constituent 
components. In particular, cereal grains with desirable 
protein, oil, starch, fiber, and moisture content and 
desirable levels of carbohydrates and other constituents 
can command a premium price. Favorable markets for these 
grains and their processed commodities have therefore 
created the need for knowing content and also various other 
various physical characteristics such as hardness. 

To meet market expectations, numerous analyzer systems 
have been developed using near infrared (NIR.) spectroscopy 
techniques to analyze the percentage concentrations of 
protein and moisture. Some of these systems target cereal 
grains in milled form as explained, for example, in U.S. 
Patent No. 5,258,825. The value added by milling in some 
instances decreases the economic gain that is obtained by 
first sorting, and thus others target the analysis of whole 
grains, as in U.S. Patent No. 4,260,262. 

NIR spectrophotometric techniques are typically 
favored because of their speed, requiring typically only 
thirty to sixty seconds to provide results, as compared 
with the hours of time which would be needed to separate 
and analyze constituents using wet chemical and other 
laboratory methods. NIR spectrophotometric techniques are 
also favored because they do not destroy the samples 
analyzed. In a typical analysis of wheat grains, for 
example, a sample is irradiated serially with selected 
wavelengths. Next, either the sample's diffuse 
transmissivity or its diffuse reflectance is measured. 
Either measurement then lends itself to use in algorithms 
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that are employed to determine the percentage concentration 
of constituents of a substance. 

For example, the analyzer described in U.S.. Patent No. 
4 260 262 determines the percentage of oil, water, and 
protein constituents by using the following equations: 

oil % =K 0 + K,(*0D) w + K 2 (aOD) 3 + K 3 (aOD) ? 

water % = K< + K 5 U0D) w + K.U0D), + K,U0D) p 
protein % = K 3 + K 9 U0D) u + K 1C U0D) 0 + K„U0D) P 

where ( aOD ) w represents the change in optical 
a pair of wavelengths sensitive to the percentage moisture 
content, (*0D) o represents the change in optical ****** 
using a pair of wavelengths sensitive to che percentage oil 
content, and UQD) , represents the change in optical 
density using a pair of wavelengths sensitive to the 
percentage protein consents. K.-K u are constants or 

influence factors. Mnafcihient 
The change in optical density of any given constituent 

may thus be found from the following equation: 

aOD = log di/lr)i - log(li/Ir) 2 

where ,li/lr,, i= the ratio of the intensity .« ^ 
light to the intensity of reflected light at one selected 
wavelength, and «Ii/Ir,, is the ratio of the intensr^ of 
incident light to the intensity of reflecteo l^.nt at 
second selected wavelength. 

Typically, grain analyzers use selected wavelengtns ... 
the range of about 1100 to 2500 nanometers. H ™' "\ 
0 S Patent No. 5,258.825. particle size effects of flour 
were overcome by additionally using a 540 nanometer 
. wavelength. 
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Analyzers of the prior art typically use a filter 
wheel or scanning diffraction grating to serially generate 
the snecific wavelengths that are of interest in analyzing 
grain" constituents. Because of moving parts, filter wheels 
and scanning diffraction gratings are sensitive to 
vibration and are not reliable in analyzing grain during 
harvesting. They therefore are not suitable for 
withstanding the mechanical vibrations generated by a 
combine or other agricultural harvesting equipment, and 
therefore have not found use in real-time measurement of 
grain constituents during harvesting. 

SUMMARY OF THE INVENTION /vrTp\ 
This invention is concerned with a near infrared (NIR) 
analysis system and method for determining percentage 
concentration of constituents in a flowing stream of 
agricultural products and related substances as they are 
fed through a combine harvester, grain processing, or 
storage equipment. Such agricultural products may include, 
but are not limited to, for example, cereal grains such as 
wheat, corn, rye, oats, barley, rice, soybeans, amaranth, 
triticale, and other grains, grasses and forage materials. 

The invention uses the diffuse reflectance properties 
of light to obtain percentage concentrations of 
constituents of the flowing steam of an agricultural 
substance. The techniques involved measure a spectral 
response to short wavelength, near infrared (NIR) radiant 
energy in the range from 600 to about 1100 nanometers (nm) 
as well as light in the visible spectrum, including 
wavelengths as low as about 570 nanometers (nm) . The 
spectral response at shorter wavelengths helps m the 
modeling of proteins and other constituents in conjunction 
with the response at higher wavelengths. 
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The analysis system includes an optical head having a 
suitably broad bandwidth light source for irradiating the 
flowing agricultural product stream simultaneously with 
multiple radiation wavelengths. A light pickup receives 
radiation diffusely reflected from a discrete portion of 
the flowing substance being analyzed. The pickup in turn 
passes the received light along a fiber optic cable to a 
detection and computation subsystem which may be mounted at 
some distance away from the optical head. 

Within the subsystem, a mode mixer first receives the 
light The mode mixer in turn passes the received light 
trough a mechanically stable fiber to an optical detection 
block The optical detection block consists of a fiber 
c ing and a pair of cylindrical lenses. The cylindrical 

en es In turn pass light to a wavelength separator, such 
as a linear variable filter (LVP) , to spatially separate 
the wavelengths of interest. 

The spatial separator in turn feeds a suitable _ 
response detector, suoh as a oharge coupled device CCD), 
which is capable of individually detecting m paralle , and 
; at the sa m e ti». multiple wavelengths of the 
'reflected radiation. The responses at individual 
wavelengths are then detected and converted to suitable 
fori u!h as digital data, to then emulate the percentage 
eventration ot the various constituents of the substance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and 
advantaces of the invention will be apparent from the 
following more particular description of preferred 
embodiments of the invention, as illustrated in the 
accompanying drawings in which like reference characters 
refer to the same parts throughout the different views. 
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The drawings are not necessarily to scale, emphasis instead 
being placed upon illustrating the principles of the 
invention . 

Fig. 1 is a high level schematic illustration of a 
short wave near infrared grain quality analysis system 
according to the invention. 

Figs. 2A and 2B are more detailed views of a light 
source and detector showing their mechanical configuration 
with respect to a grain duct, also showing the open and 
closed positions of a pick up shutter. 

Fig. 3 is a more detailed view of an optics block 
showing a mode mixer, optics block shutter, filter, and 
optical detector components. 

Fig. 4 depicts a process for the system for measuring 

aborptivity . 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now more particularly to Fig. l, the present 
invention is a system 1 for analyzing the constituent 
components of a flowing stream of an agricultural product 
as it is being processed or harvested. The agricultural 
oroducts which may be analyzed by the system 1 include, but 
are not limited to, cereal grains such as wheat, corn, rye, 
oats, barley, rice, soybeans, amaranth, triticale, and 
other grains, grasses and forage materials. The 
constituent components being analyzed may include, buc are 
not limited to, protein, oil, starch, fiber, moisture, 
carbohydrates and other constituents and physical 
characteristics such as hardness. Although the following 
discussion describes a particular example wherein the 
product being analyzed is a cereal grain, it should be 
understood that other agricultural products may be analyzed 
as well. 
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- The system 1 uses a suitable continuous irradiating 
device such as an infrared light source 10. Radiation roe 
the light source 10 shines forward through a window 12 to 
samole of a flowing agricultural product 14 being 
harmed, processed, or otherwise flowing through a 
conveyance such as a duct 16. 

The light source 10 continuously and simultaneously 
produces infrared light of multiple wavelengths in an 
extended short wave region of interest such as from about 
" to about mo nanometers (») . The preferred light 
Ice 10 is a quartz halogen or tungsten filament bulb 
!uTas is widely available. A cypica! light source 10 is 
" „ m-nt bulb operating at S volts (vOC, an 

drawing one amp of current. The light .cure 1 0 -Y* ■ 
further stabilized by filtering or by using an integr al 
light sensitive feedbacK device in a manner which is icnown 

in the art (not shown) . 

The light source 10 is positioned to shine upon the 

cereal flowing product 14 as it is ™^ „ ichin 

conveyance such as a duct 16 such as may be a spose 

an agricultural combine or other grain P»«"»» thrQugh 

apparatus. The flow of the agricultural produce 

Che duct 16 is generally in the direction o. the 

illustrated arrows comDon ents positioned 

The light source 10 and relet. suicable sensor 

adjacent the duct « may be placeo witmn a suit 
bead housing IX. In such an instance , 1 - 
preferably disposed between the light urc 10 ^ ^ 
flowing agricultural product 14. The w.n 
of a suitable material, such as sapphire^ which is 
transparent at the wavelengths of interes , «^ 
not see a significant absorption sm.t due to 
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changes. The window 12 may be integrally formed with the 
housing 11 or the duct 16 as desired. 

The sensor head housing 11, including the light source 
10, window 12, and other related components to be 
described, is thus positioned to monitor a continuous flow 
of the agricultural product 14 through the duct 16. This 
may be accomplished by mounting the housing 11 such that 
the window 12 is disposed adjacent an opening 15 in the 
duct 16 so -that the light source 10 shines through the 
window 12 and opening 15 onto the flowing product 14. 

The sensor head housing 11 may be a separate physical 
housing or it may be integrally formed with the duct 16. 

A parabolic reflector or mirror 17 is also preferably 
disoosed within the housing 11 to collimate the output of 
the" light source 10 into a beam 13 of approximately one 
centimeter in focal length. The parabolic mirror 17 
focuses the light source 10 within the stream of flowing 
product 14. 

in an alternate embodiment, more than one light source 
10 can be used, such as an array of infrared emitters, as 
lono as thev are focused on the same point. 

" It is preferred that the light source 10 be placed 
such that it directly illuminates the flowing product 14 
through the window 12 with no fiber optic or other aevice 
ether than the window 12 itself being disposed between the 
light source 10 and the flowing product 14. 

Control electronics 18 may also be disposed within the 
housing 11 to operate a shutter as will be described more 
fully below in connection with Fig. 2. 

Light emitted by the light source 10 thus passes 
through the window 12 and opening 15 and is diffusely 
reflected from the flowing product 14. A fiber optic 
pickup 20, preferably also disposed within the same housing 
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11 is arranged to collect a portion of the diffusely 
reflected light from the flowing product 14. Although 
these diffuse reflections are primarily from the /local 
point of the light source 10, it should be understood that 
liaht is actually returned from a sample volume 19 cefined 
^ the intersection of the beam 13 produced by thelxght 
source 10 and the aperture or "field of view" of the fxber 

optic pickup 20. 

The fiber optic pickup 20 is typically a 
co^unications grade optical fiber. It would typ cally 
range in diameter from about 62.5 micrometers (Mm) up 
711 1 ^Uimeter <«., . One suitable fiber is 600 ,m in 
diameter within an NA of 0.22 <» of approximately 2^3 ) 
The pickuo 20, preferably disposed at an angle with respect 
L the window » suitable to coilect diffusely reflected 
light but not significant window surface reflection so 
hat light from the window H fills the aperture of he 
receiving fiber optic 20. A suitable angle may be, for 

"^^e output of the fiber optic pickup 20 is then fed 
through an optical fiber 26 to a detector and eiectronics 
block 30 to determine the constituent components or the 
nowing product 14. The detector and electrons block 30 
includes an optics block 32, an analog to is, 
33 a constituent computation function 34, a controlle. 
and a display interface 36. The constituent 
£ unction 34, controller 3S, and display interface . a 
ore'erablv implemented as software in a computer, 
concroller, microprocessor and/or digital signal processor 
39 . The functions of the electronics block will be 
described in further detailed below. „„ ferr ed 
As more particularly shown in Fig. 2A, in a P»"^ 
embodiment, the housing n and window « may be positioned 
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such that a space 22 is formed between them for the 
placement of a reference flag or shutter 24. The reference 
shutter 24 is formed of a high diffuse reflectance material 
such as Spectralon™ (a pressed silicate obtained from 
Labsphere, North Sutton, NH) or a ceramic. 

The shutter 24 is positioned so that it can be 
selectively moved into or out of position adjacent the end 
of the pick-up 20. The shutter 24 is thus typically 
mounted" on a control device such as a motor shaft 25 driven 
by a motor 29 which may be activated by the controller 3 5 
in the electronics block 30. The motor 29 permits the 
controller 35 to selectively choose a closed or open 
position for the shutter 24 as shown in the front view of 
Fig. 2B. 

An electronic signal or signals 27 are connected 
between the electronics block 30 and sensor head 11 to 
provide a way for the controller 35 to pass signals to 
control the position of the shutter 24. For example, the 
shutter 24 is placed in the open position to allow light to 
pass to the sample and to be diffusely reflected by the 
flowing product sample 14 during sample measurement 
operations, and placed in a closed position to occlude 
light from the sample and diffusely reflected light from 
the shutter 24 during reference measurements, as will be 
described in further detail below. 

The oDtical fiber and electronic signals 27 may be 
bundled together in a cable sheath 28 which is connected 
between the detector head housing 11 and detector and 
electronics block 30. In a practical deployment of the 
svstem 1 such as in an agricultural harvester, it is 
preferred that the cable sheath 23 be sufficiently long 
such that detector head housing 11 can be placed adjacent 
the grain chute 16 while the detector and electronics block 
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30 may be placed in a less harsh environment such as back 
in the cab of the harvester. Such a distance may be three 
meters, or more or less, for example. 

Alternatively, the sensor head 11 and all or par. o, 
the electronics block 30 may be mounted adjacent the cnute 
Ts, in which case the optical fiber 26 will not be neeaed. 

Although a relatively large 600 m diameter f bar 

least, re. u-rvester In the usual case, the 

and other parts of the harvester. harvester 
cable 28 is also subjected to vibrations as the harvester 
t«vels through a field reaping the flowing product 14 

U f rtunately, vibrations associated «^ ^VZZ 
harvester or other machinery can cause ^ 
disturbances within the optical finer ^ ™ eSe ™f 
disturbances are created in the ^^^Yav unwanted 
reflections such that the optics block 32 may n, 
de c on modes. These modal disturbances thus in turn 

au e undesirable changes in light intensity whic * 
unrelated to the properties of the flowing produ . 4 
which therefore add considerable noise to the 

, ,.„„ nrooe'ties of the flowing product 14 . 
measurement of the prope-ties o d=t ector and 

in order to overcome this difficulty, the a.tect 
electronics block 30 are implemented in a P™ 1 */ ^ 
-referred manner. Turning attention more particularly 
pig the detector and electronics block 30 induce a 

!' • Z 42 a fiber section 44, and a detector block 46 
mode mixer 42, a a Q -, 

which itself includes a pair of cylindrical ens 48 1, 
48-2, a wavelength separator 50, and a detector 5 2. 

The mode mixer 42 is coupled to receive the light 
cutout of the optical fiber 26 and serves to remove the 
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higher order modes from the received optical signal. The 
mode mixer 4 2 may be implemented using a number of 
different components. 

For example, one technique for implementing the mode 
mixer 42 is to use one or more, preferably one, so called 
"grin" lenses. The grin lenses have a center wavelength of 
approximately the same as the center of the infrared region 
of interest, which here is 800 nanometers (nm) . The grin 
lenses also have a collectively relatively high pitch of 
from about 0.4 to 0.5. For example, two grin lenses may be 
used, each having a pitch of about 0.2 to 0.25. The 
relativelv high collective pitch provides an approximately 
spot-oriented image, rather than a cone type image, at the 
output. A suitable grin lens can be obtained from NSG 
Corporation of Somerset, New Jersey. 

The mode mixer 42 may also be implemented as a 
holographic diffuser. In some instances a holographic 
' diffuser may represent a more desirable implementation of 
tho mode mixer 42 since its response is not as wavelength 
dependent as a grin lens. However, a grin lens is easier 
to' manufacture on a "one-off" basis. One type of suitable 
holographic diffuser is the "Beam Homogenized available 
from Digital Optics Corporation of Charlotte, North 
Carolina. 

The fiber coupling 44 provides a mechanically stable 
light pipe for coupling the output of the mode mixer 42 to 
the rest of the optics block 46. 

Another shutter 47 is preferably disposed at the 
output of the fiber coupling. This optical block shutter 
47 is formed of an opaque material and is used to block 
light from entering the optics block 46 during collection 
of a reference dark spectrum procedure which is described 
in greater detail below. 
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• The cylindrical lenses 48-1 and 48-2 serve to properly 

• ^ liaht energy at the input of the optics 
focus the received light energy 

bloc k 46 onto the detector 52. 

The wavelength separator 50 provides spatia 
«nan of the various wavelengths of diffusely 
"a U ht -ergy of interest. Suitable wavelength 

oarators 50 induce Uneasy variable - - » ™ ' 

r^r«STiX«"-, — . resolution ,« 
of approximately one to four percent 

The now spatially separated waveleng.ns in turn 

The detector 52 is such that it 
upo „ the detecto ^ The de ^ ^ ^ q£ 

simultaneously - sure h P ^ „ 

wavelengths. In the prer- 

is an array of charge coupled devices CCD >. J* 
individually measure the light intensi y . - h of 
respective wavelengths. In other words, 
: Carrey is tuned to measure the intensity ot an 

const^e/from fast scan photodiodes, 

devices (CIDS,. or any other arrays of che 
for the tas* of simultaneous^ detecting, in parall- 
wavelengths of interest. 

» a preferred embodiment tne d c o 5, ^ 

.Uicon CCD array product, such as - Fair- ^ 

available from Loral-Fairchild. The aevic 

. spatial resolution of about 13 micro t .rs^ ^ ^ 

frequency resolution is the selecu- 

^ ^ linpar variable filter du; , ^ 

(as determined by the linear var ed embodiment 

by the number of CCD elements. In tne pre.er 
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the CCD array 52 is a 1,024 element array processing 
wavelengths in the range from about 570 to about 1120 nm. 

In addition, the detector 52 such as a CCD array is 
tyoically temperature sensitive so that stabilization is 
usually preferred. 

In the preferred embodiment, because of the compact 
design of the optics module 46 and the relatively close 
positioning of LVF 50 and CCD array 52, both of these 
components can be temperature stabilized together. The 
temperature stabilization can be by suitable heat sink 
surfaces, a thermoelectric cooler (Peltier cooler) or fan. 

Returning attention to Fig. 1, the individual 
electrical signals provided by the CCD for each wavelength 
are then fed from the output of the detector 52 to be 
converted to digital signals by the analog to digital 
converter 3 3 . 

A computation block 34, preferably implemented in a 
microcomputer or digital signal processor as described 
above, then carries out calculations on the basis of the 
received wavelength intensities to obtain percentage 
concentrations of constituents of the sample 14. The 
percentage of constituents, which are determined using a 
chemometric model, are then shown in any desired way such 
as by a meter or presenting them to a display. The display 
may be integral to a laptop computer or other computer 
placed in the cab of the harvester. The computation block 
may be part of the electronics block 30 or may physically 

separate from it. 

Techniques for calculating percentage concentrations 
of grain based upon samples of light and particular 
wavelengths are the multi-variate techniques detailed in 
the book by Sharaf, M.A., Illman, D.L., and Kowalski, B.R., 
entitled » Chemome tries" (New York: J. Wiley & Sons, 1986). 
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Preferred wavelengths of interest depend upon the 
constituents being measured. For example, when measuring 
protein concentration, the algorithms make use of 
absorptance attributable to the vibration-rotational 
overtone bands of the sub-structure of protein. At longe. 
wavelengths absorptivity coefficients are large, the path 
length Is short, and thus one would not sample the interior 
o£ t „. grain particles . At shorter wavelengths the 
lorptlvity coefficients are small and the signal is thus 

"""'•The svstem 1 thus provides for irradiation of the 
samol- followed by special separation and detection or 
r^le wavelengths in parallel, making for rapid an ; ; y . 
of this sample. Moreover, because the °P"«^^" 
the unit are stabile to vibrations, it is substan ally 
insensitive to vibrations such as found in agricultural 
comblLs or other harvesting and processing er^ipment . The 

"i:: may therefore be easily deployed in environments 
where real time analysis of harvested gram or 
■ agricultural produce may be carried out dur ng harve t ng 
and other processing operations. The aata »»«~J*- 
may be compared with reference data to provide pe. en age 
concentrations of constituents for use in 

layout according to the so called global positioning system 

'^furthermore, the use of the CCD array S2 provides 

, „ri„r a-t techniques that use discrete or 
advantages over prior a-t tech. 

scanned diode arrays. In particular, the CCD bins 

£i led with charge at the same time in parallel wi h = » 

another, until one of them is nearly full. They 

emotied and the results read out by the c^™ 11 ""^' 

the CO array begins filling again. «* P"£ 

has seen the same grains over the same time intervals. 
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contrast, diode arrays must be read sequentially so that 

7 0 r examole, any given element is producing a s.gnal fro. a 

~* nr.in if it is distinct from those seen by 
volume of gram n 

orevious pixels. 

* The signal to noise ratio of the system 1 may be 
improved by averaging over the course of many 

measurements . ^ 

Briefly mentioned above was a procedure for 
calc ula no an absorption spectrum. To this end, the ste 

tor M ,k 9 . »> can be activated to place the shu te „ 
in the closed position between the end of th . px* up 2 0 
and the optics bloc, «. m this coercion, 
block 46 therefore sees no light from - ^ ~ 

only the white light emissions o. tne shl "" e 
This measurement then permits a reference srgnal to be 

"^'preferred absorptivity measurement includes the 
following process (also depicted in Fig. 4) : . 

3. A reference dart spectrum. D, is measured by 

' closing the optics bloc, shutter 47 (step 101) . 
2. A reading is then taken from the CCD array 52 
(step 102) . 

v, -i „v ebrrror 47 (Step 103) • 

Open the optics block snutt — 
Close the pick up shutter 24 (step 104) . 
Measure a reference spectrum, R. by taking a 
■reading from the CCD array 52 (step 105) . 
Ooen the pick up shutter 24 (step 106) . 
with both shutters 24 and 47 now open, take a 
reading from the sampled volume 19 to determxne 
sample spectrum, S (step 107). 

Calculate the absorptance spectrum, A (step 108) . 



3 . 

4 . 

5 . 

6 
7 
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- The light absorption as derived from these diffuse 
reflectance measurements is given by 

A = LOG 10 (R-D/S-D) . 

In addition, since the absorptivity variations from 
the uresence of protein are quite small, 

realizations (step 109), averaging, and second derivative 
analysis are typically used to produce the desired 
absorptivity number at a particular wavelength 
Pother data processing therefore may provide a seco d 
derivative of this function to remove constant and linear 

so that only quadratic and higher order features in 
^absorptivity spectrum are utilized in the determinate 
of protein content. 



cescribed with references to preferred ^^^^ 
it .ill be understood by those sKilled in the art that 
various changes in for. and details may be 
without departing fro* the spirit and scope of the 
invention as defined by the appended claim, ; T ose Ki 

in the art will recognize or be able to ascertain 
Ire than routine experimentation, many equivalents to 

specific sediments of the invention ^ fae 

specifically herein. Such equivalents are inc. 

encompassed in the scope of the claims. 
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CLAIMS 



What is claimed is: 

1 An aooaratus for determining constituent: components of 
a flowing stream of an agricultural product as it is 
being processed on a real time basis, the apparatus 

comprising: 

" a light source, arranged to irradiate a sample 
portion of the flowing stream of agricultural proouct 
as it is being processed with a plurality of 
wavelenaths within a selected irradiation bandwidth 
• within a short wave near infrared spectrum; 

an optical pick up, arranged to receive light 
energy diffusely reflected from the irradiated sample 
portion; 

a wavelength separator, connected to receive 
light from the optical pick up, and to produce 
spatially separated light of different wavelengths; 

and _ , ^ 

a detector, connected to receive light trom the 

wavelength separator, and to produce detected 
intensity signals indicative of light intensity 
simultaneously at multiple selected wavelengths within 
the dispersing filter bandwidth. 

2 An aooaratus as in Claim 1 wherein the wavelength- 
separator and detector are arranged such that the 
detected intensity signals at a given sample time 
represent the response of the apparatus for a range of 
wavelengths as taken from a sample portion of the 
flowing stream. 
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An apparatus as in Claim 1 wherein the wavelength 
separator is a linearly variable filter. 

An apparatus as in Claim 1 wherein the flowing scream 
of agricultural product is in a comoine. 

An apparatus as in Claim 1 wherein the flowing strea. 
cf agricultural product is in a grain processor. 

An apparatus as in Claim X wherein the ™ -ream 
of agricuitural product is in a storage facility. 

An apparatus as in Claim 1 additionally <=^«^ = 
an optical fiber, disposed between the opti al 
pic* up and the wavelength separator, to coupie Ugh. 
energy from an input end to an output end thereof. 

An apparatus as in Claim 7 additionally =~pri.i^ 
a mode *i*er, disposed at the output end of th- 
oracal fiber, to attenuate variations in optica 
intensity of the light from the pick up introauced 
the optical fiber. 

An apparatus as in Claim 1 additionally 

"I analoc to digital .converter, connected to 
recel ve the detected intensity signals and -to provide 
detected intensity values. 

. An aoparatus as in Claim 9 additionally comp, rising: 
"a computer, connect to receive the 
intensity signals from the detector, and to calculate 
uent components of the sample portion of the 
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agriculcural product from the detected intensity 
values . 

11. An apparatus as in Claim 10 wherein the computer 
repeats the calculation steps above and averages 
measurements of R and S to determine the absorption 
value . 

12. An apparatus as in Claim 1 wherein the light source 
and optical pick up are placed in an optical head 
housing positioned adjacent a side opening in a 
product chute, and the wavelength separator and 
detector are placed remotely from the product chute, 
and wherein an optical fiber, is connected between the 
optical pick up and the wavelength separator, to couple 
light energy between them. 



13 



An apparatus as in Claim 1 wherein the detector is a 
charge coupled device (CCD) array. 



14 . An apparatus as in Claim 1 wherein the constituent 
component is selected from the group consisting of 
protein, moisture, oil, starch, flour, and hardness. 

15. In a harvester which includes a produce chute for 
conveying a flowing stream of agricultural product, an 
analyzer for determining constituent components of the 
agricultural product as it is being harvested, the 
analyzer comprising: 

a light source, arranged to irradiate a sample 
portion of the flowing stream of agricultural product 
as it is fed through the chute, the light source 
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providing a plurality of wavelengths within a selected 
optical irradiation bandwidth; 

an optical pick up, for receiving light energy 
reflected from the irradiated sample portion; 

a wavelength separator, receiving light from the 
optical pick up, and producing spatially separated 
lierht of different wavelengths; 

' a detector, receiving light from the wavelength 
separator, and producing detected intensity signals 
indicative of light intensity simultaneously at 
Itiple selected wavelengths within the d.spers.ng 

filter bandwidth; and 

a confer, for receiving the detected intensity 
signals fro. the detector, and for calculating 
constituent exponents of the sample ^"".Uy 
agricultural product from the detected intensity 

values . 

A method for determining constituent components of a 
£1 owing stream of an agricuXcural proaucc .. it » 
being processed on a real time basis, the method 
comprising the steps of : „„„<„<, 

irradiating a sample portion or the flowing 
stream of agricultural product as it is baln 9 
processed with a plurality cf «*-^*' "f^ 
selected irradiation bandwidth within a short wave 

infrared soectrum; 

Pic^ng up- light energy diffusely reflected from 
the irradiated sample portion; 

separating wavelengths of the piefced up di u !y 
reflected light to produce spatially separated light 
of different wavelengths; and 
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detecting intensity signals from the separated 
wavelengths simultaneously at multiple selected 
wavelengths to simultaneously determine multiple Ixght 
intensities . 

17 A method as in Claim 16 wherein the steps of 

separating and detecting are performed such that the 
detected intensity signals at a given sample time 
represent the response for a range of wavelengths as 
taken from a single sample portion. 

18 . A method as in Claim 16 wherein the step of separating 
is performed by a linearly variable niter. 

19 . a method as in Claim 16 wherein the flowing stream of 
agricultural product is in a combine. 

20 A method as in Claim 16 wherein the flowing stream of 
agricultural product is in a grain processor. 

21 a method as in Claim 16 wherein the flowing stream of 
agricultural product is in a storage facility. 

22. A method as in Claim 16 additionally comprising the 

SteDS Of: . 

" mode mixing the light energy provided by the 
picking up step, to attenuate variations in optical 
intensity of the light. 

23 . A method as in Claim 16 additionally comprising the 

SteD Of: 

converting the detected intensity signals to 
provide digital detected intensity values . 
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24 . A method as in Claim 16 additionally comprising the 

step of : / 

calculating constituent components of the sample 

portion of the agricultural product from the detected 
intensity values. 

A method as in Claim 24 additionally comprising the 

steps of : 

selectively performing the step of picking up 
diffusely reflected light by operating a pick up 
shutter in a closed or open position; 

selectively performing the step of separating 
wavelengths by operating an optics block shutter, m a 
closed or open position; and 

wherein the step of calculating constituent 
components by determining an absorptivity by the steps 

measuring a dark spectrum, D, as the 
resoonse with the optics block shutter closed; 

measuring a reference spectrum, R, by 
opening the optics block shutter and closing the 

pick up shutter; 

measuring a sample spectrum, S, with both 

shutters open; and 

determining a light absorption value, A, 
the selected wavelength from the relationship 
A = LOG 10 (R-D/S-D) . 
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An method as in Claim 25 wherein the step of 
calculating is repeated to average measurements or 
and S to determine the absorption value. 
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A shore wave near infrared analysis system for 
obtaining percentage concentrations of constituents of 
a composite substance, comprising: 

means for irradiating a composite substance 
simultaneously with short wave - near infrared 
radiation over a specified bandwidth; 

means for simultaneously picking-up 
electromagnetic radiation reflected from said 
composite substance; 

means for spatially separating wavelengths of 
electromagnetic radiation over the specified bandwidth 
as combined in the means for simultaneously picking-up 

radiation reflected; 

means for individually detecting in parallel the 
wavelengths of the reflected electromagnetic radxatxon 
to obtain percentage concentration of the various 
constituents of said component substance; and 

wherein the analysis system is attached to an 
agricultural combine for analyzing a flowing steam of 
agricultural produce on a real time basis during 
harvesting thereof. 
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